INTRODUCTION
============

Medical applications form the majority of the artificial radiation sources that the human beings are being exposed to ([@B1]-[@B3]), with radiological imaging procedures leading the way ([@B3]). X-rays are used in radiography, fluoroscopy, angiography, and computed tomography (CT) ([@B1]) and the dose depends on patient factors (age and size), technical factors (equipment settings and procedure length), and equipment model ([@B4]).

In recent years, faster and higher resolution studies with dynamic contrast, like the CT angiography, cardiac CT, and virtual CT colonoscopy have become available in parallel to the development of high technology devices like the multidetector CT ([@B5]). This has lead to a crescendo in the demands for radiological studies for clinicians in an effort to redesign their diagnostic approaches and treatment plans, which has also given rise to an increase in the exposure of patients to ionizing radiation ([@B1], [@B2], [@B6], [@B7]). In England, CT formed 4% of the radiological applications in 1990, compared to USA for which CT made up 10% of the radiological applications in 2000. However, these procedures were found to be responsible for the large majority of ionizing radiation exposure to patients (40% in England; 65% in the USA) ([@B3]).

The increasing amount of ionizing radiation that is received from controllable artificial radiation resources gives rise to possible risks of developing cancer over the course of a lifetime and hence constitutes a threat to public health ([@B6], [@B8], [@B9]). Studies performed during recent years have attempted to drive attention to the potential risks and awareness of physicians to the doses of radiation exposure during the radiological studies used for medical purposes ([@B10]-[@B18]).

As candidates become specialists, residents are included in this study due to the fact that they often make use of radiological imaging techniques during their training periods and their future professional lives so that they can contribute to the process of diagnosis and treatment. This study aims to illustrate the residents\' awareness of ionizing radiation doses and the associated cancer risks to which the patients are exposed to due to radiological imaging techniques.

MATERIALS AND METHODS
=====================

This descriptive study was conducted at the 19 Mayıs University Faculty of Medicine Hospital between October 17^th^, 2008 and January 12^th^, 2009. In total, 364 of the 376 (96.8%) residents employed in 26 clinical departments were included in this study. The questionnaires ([Table 1](#T1){ref-type="table"}) have been completed in the wards and the outpatient wards under strict control on a one to one basis for each department.

In this study, the answers provided to the questions corresponded to the radiation doses received by patients during diagnostic radiological imaging procedures relative to the number of Posteroanterior (PA) chest X-rays evaluated according to the latest data accepted by the European Commission ([@B19]).

The questionnaire consisted of easily answered questions about the ionizing radiation doses that the patients are being exposed to during the frequently ordered radiological imaging procedures in terms of the equivalent numbers of one PA chest X-rays. When a PA chest X-ray was compared, radiation doses of 300 times more for the abdominal and thoracic CTs, a dose interval of 50-200 times more for a brain CT, lumbar spine radiography, and thyroid scintigraphy, and ultrasonography (US) and magnetic resonance imaging (MRI) would not emit ionizing radiation, were accepted to be correct ([@B19]). Based on the data published in the bulletin of radiological protection, number 231 of National Radiological Protection Board in 2001, the contribution of a brain CT study to cancer development throughout a lifetime has been accepted to be between 1/10000-1/100000 and the contribution of an abdominal CT study have been accepted to be between 1/1000-1/10000 ([@B20]).

Statistical analysis was conducted using SPSS version 12 (Chicago, IL, USA). Descriptive statistics were expressed as the median (minimum-maximum). The Chi-Square test was used to determine the factors affecting residents\' awareness of the doses that patients are being subjected to during the radiological imaging procedures. Statistical significance was set at *p* \< 0.05.

RESULTS
=======

A total of 364 residents participated in this study. The median age of the participants was 29.0 (24.0-41.0) years, while the median employment duration after graduation was 5.0 (0.1-16.0) years. The median employment duration as a resident was found to be 3.0 (0.1-7.0) years. The sociodemographic features of the study group are provided in [Table 2](#T2){ref-type="table"}.

It has been found out that 147 residents (40.4%) received education about the doses of radiation that patients are being subjected to and their potential hazards, whereas 217 residents (59.6%) did not. Furthermore, 109 (74.1%) from the educated group received this education during medical school years, while 31 (21.1%) were educated during the specialization period, and 7 (4.8%) were educated both during medical school and the specialization period.

The question which stated \"Should education be given on this topic?\" was answered affirmatively by 345 (94.8%) and negatively by 19 (5.2%) of the participants. [Table 3](#T3){ref-type="table"} demonstrates the wishes of the residents about the timing of the intended education.

Residents (n = 338) stated that they made their preferences in accordance with the algorithm (59.8%), availability (6.8%), convenience with diagnosis (4.4%), availability and algorithm (4.4%), cost and algorithm (3.6%), and radiation content (2.4%). In addition, 18.6% of the residents have marked more than one choice. Residents of the Radiology Department did not answer this question as they do not order these studies themselves and one of the residents in another clinical branch did answer this question.

The residents were asked to answer the question denoting the radiation dose that the patients are being subjected to during the shooting of a PA chest X-ray and 26 (7.2%) out of 359 chose the correct option of 0.02 millisieverts (mSv), while 52 (14.5%) chose 0.2 mSv, 24 (6.7%) chose 2 mSv, 16 (4.5%) chose 20 mSv and 241 (67.1%) chose the option denoting \"I have no idea\".

The most commonly ordered imaging methods of the residents (n = 331) were brain CT (36.9%), thorax CT (21.8%) and abdominal CT (12.7%). The residents of the Radiology and Nuclear Medicine Departments did not answer this question as they do not order CT studies for patients.

For the question about whether information is given to patients who are scheduled for a CT about the dose of radiation that they will be subjected to and its potential risks, 291 (81.8%) of the 356 participants replied that they did not inform the patients, 40 (11.2%) replied as they did and 25 (7.0%) replied as \"sometimes\".

[Table 4](#T4){ref-type="table"} presents the distribution of the correct answers of the residents given to the question asking the corresponding number of PA chest X-rays in terms of received radiation doses during radiological studies.

Some of the residents stated that US (5.8%) and MRI (14.8%) involved radiation whereas some of them did not have an idea about whether or not US (11.8%) and MRI (13.8%) inhibited radiation.

When years of employment was taken into consideration for the comparison of the correct answers concerning the equivalent number for one PA chest X-ray in terms of received radiation doses during the frequently ordered radiological studies; the difference between the correct answers given to brain CT, abdominal CT and thorax CT were not statistically significant (*p* \> 0.05), while the frequency of the correct answers in the group which were employed for more than 10 years was observed to be less and was statistically significant in terms of the correct answers given for US and MRI (*p* \< 0.05) ([Table 5](#T5){ref-type="table"}).

The correct answers given by the residents about radiation doses that patients are being exposed to and the possible risks of cancer, whether educated or not about the imaging studies that use ionizing radiation, did not reach to statistical significance (*p* \> 0.05).

In total, 120 (33%) of the residents have given the correct answer, which was 1/10000 to 1/100000, to the question denoting the risk of developing cancer throughout a lifetime with a brain CT, whereas incorrect answers included 101 (27.7%) for \"200000-500000\", 76 (20.9%) for \"1000-5000\", 38 (10.4%) for \"no risk at all\" and 29 (8.0%) for \"I have no idea\".

The risk of developing cancer throughout a lifetime as a result of radiation exposure from an abdominal CT was answered correctly as 1000-10000 by 100 (27.5%) of the residents, while 119 (32.7%) replied \"50000-100000\", 81 (22.2%) replied \"20000-50000\" 33 (9.1%) replied as \"I have no idea\" and 31 (8.5%) replied as \"there were no risks\".

The additional question that was posed to residents in the radiology department, being the executors of the tests, about whether there were any differences in the study modalities between the adults and children during a CT imaging was answered correctly by (n = 25) 24 (96%) of the residents, while 1 (4%) did not provide an answer. The question about the approximate difference in percents between the effective dose that the patient would have been exposed to when, for a given area of CT investigation, a pediatric dose adjusted optimal image quality was to be compared with an adolescent CT study was answered correctly as 50% by 5 (21.7%) out of 23 (92.0) residents, while 18 (78.3%) gave an incorrect answer.

DISCUSSION
==========

Exposure to ionizing radiation as a result of a radiologic examination is associated with the risk of induction of malignancy. For comparison of radiation exposure levels from different sources, the concept of effective dose equivalent was developed, and used to assess an individual\'s risk of developing malignancy. Effective dose equivalents range from 0.06 to 0.25 mSv with a chest radiography in 2 views, 3-27 mSv with CT using conventional examination parameters, and 0.3-0.55 mSv using low dose CT settings. Based on considerations by the International Commission on Radiological Protection, it can be expected that radiation exposure with an effective dose equivalent of 1 mSv would lead to 5 additional malignancies in 100000 individuals exposed ([@B21]).

The use of CT has increased by a factor of 12 in the United Kingdom and a factor of 20 in the USA between the years 1980-2005 ([@B9]). In a study conducted by Fazel et al. ([@B22]) between the years 2005 and 2007, it has been demonstrated that 665613 out of 952420 patients (68.8%) have undergone a radiological study containing ionizing radiation at least once, and that 1.9 of every 1000 patients receives 50 mSv or more radiation every year and the cumulative effective dose arises mainly from the CT and nuclear imaging studies by 75.4-81.8%.

Studies put forward that the ratio of unnecessary or inappropriate radiological studies performed attained 10-40% ([@B7], [@B23], [@B24]). The preferences of the residents denoting algorithm and convenience with the diagnosis when ordering radiological imaging methods is meaningful for our study in an effort to lower the radiation dose that the patients will be exposed to. However standardized algorithm schemes should be present for this. Furthermore, 2.4% of the residents who ordered imaging procedures without taking into consideration the radiation emission and 6.8% who would order according to ease of availability may lead to patients being unnecessarily exposed to ionizing radiation.

In our study, the dose of radiation that the patients are being exposed to during the shooting of a PA chest X-ray was answered correctly by 7.2% of residents. In studies by Jacob et al. ([@B10]) and Heyer et al. ([@B11]) 22.5% and 39.5% of the doctors, respectively, gave correct answers for the dose exposure to patients during the shooting of a PA chest X-ray, whereas a study by Shiralkar et al. ([@B12]) found that none of the doctors gave a correct answer to this question.

Furthermore, 81.7% of the residents have answered that they did not inform patients about the radiation dose they would receive from a CT study, nor for the potential risks associated with the radiation exposure. Lee et al. ([@B13]) study put forward that 78.0% of the doctors in the emergency service provided no explanation at all to patients before a CT imaging was performed.

The radiation doses for a brain CT, abdominal CT, thorax CT, intravenous pyelography, thyroid scintigraphy and lumbar spine radiography were asked to be matched with the corresponding number of PA chest X-rays in terms of ionizing radiation doses and 23.9%, 15.9%, 15.7%, 9.3%, 14.8% and 1.9% of the residents answered correctly to the question, respectively. An investigation of the literature revealed that the ratio of the correct answers to these questions were as low as we found in this study ([@B10]-[@B18]).

The frequency of false answers about US and MR radiation content was found to be higher among the doctors whose graduation dates were more than 10 years ago (*p* \< 0.004, *p* \< 0.013). This might stem from the fact that MRI is a relatively newer radiological technique, and in this respect, sufficient training was not provided. The answers about the radiation doses of the radiological examinations and cancer risks showed no statistical difference for the comparison of theeducated and not educated groups being educated or not (*p* \> 0.05). This indicates that the residents do not receive adequate and effective education either during medical school or afterwards. The findings of the study performed by Arslanoğlu et al. ([@B14]) are concordant with ours with respect to denoting a higher frequency of false answers for the presence of ionizing radiation in US and MRI among the participants with employment times greater than 10 years (*p* \< 0.05). Further, there was no statistically significant correlation found between the correct answers and the period of employment in Heyer et al. ([@B11]) and Gümüş et al. ([@B15]) studies. The frequency of the correct answer, \"US and MRI does not contain ionizing radiation\" in the literature was in the range of 71.6-92% and 89.2-96%, respectively ([@B10], [@B12], [@B14], [@B15], [@B17]).

Recent studies declared that low doses of ionizing radiation is bringing forward an extra risk of developing cancer throughout a lifetime, hence leading to an increase in the number of studies focusing on this subject ([@B2], [@B7]-[@B9], [@B25]-[@B30]). Pediatric patients are thought to be affected more from the radiation as they are still in the development period and have lower body mass indexes. Various studies have put forward that although life expectancy is longer in children, the risk of developing cancer is expected to be higher ([@B6], [@B8], [@B23], [@B26], [@B31]-[@B35]). An estimated contribution of a CT study that would add to the risk of developing cancer in a 1 year old child due to radiation was estimated to be 0.18% for an abdominal CT and 0.07% for a brain CT according to Brenner et al. ([@B8]), which is much higher than the adolescent values.

In this study, the frequency of added risk for developing cancer throughout a lifetime due to a brain CT and an abdominal CT was answered correctly by 33% of the participating residents for brain CT and by 27.5% for abdominal CT. Rice et al. ([@B16]) and Gümüş et al. ([@B15]) found that the ratio of the doctors who answered correctly to the questions about the contribution to the risk of developing cancer throughout a lifetime as a result of radiation doses from an abdominal CT and a pelvic CT were 31.0% and 15.7%, respectively. In contrast, Lee et al. ([@B13]) found that only 47.0% of the radiologists and 9.0% of the emergency clinic doctors have mentioned that a single abdominopelvic CT would have a contribution to developing cancer throughout a lifetime.

Prompt dosage adjustments are indicated to be mandatory during radiological studies, especially when the evaluation method exposes residents to ionizing radiation like the various CT methods ([@B2], [@B6], [@B7], [@B36]-[@B40]). In the Alara Conference Public Health Declaration, The American Food and Drug Administration have pointed out that the attenuation in the doses resulting from pediatric and adolescent CT applications, the CT application parameters should be optimized and orders for contrast-enhanced multiphasic CT studies should be minimized ([@B41]).

For the CT studies ordered by residents, the belief is that the radiation dose that the patients are being exposed to is less than their anticipation. This leads to ordering CT studies that contain more ionizing radiation to be easier as well as higher numbers of unnecessarily ordered procedures. Nevertheless, the presence of residents with the thoughts that US and MRI contains ionizing radiation may have an unfavorable effect on the priorities for directing the patients to these study methods.

As a result, in order to increase the awareness of physicians about the radiological imaging methods that contain ionizing radiation, this subject should be taught during the basic training in medical schools and then updated protocols should adequately and effectively be taught after graduation.

The presence of the easily visible documents within the working offices of the physicians, emphasizing the content of the ionizing radiation over the course of radiological imaging procedures, may be a practical solution when ordering radiological studies.
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**Note.**- mSv = millisieverts, PA = posteroanterior
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**Note.**- ^\*^Numbers differ according to replies to questions.
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Distribution of Number of Correct Answers Given by Residents to Question Asking about Corresponding Number of One PA Chest X-Rays in Terms of Received Radiation Doses during Radiological Studies
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**Note.**- IVP = intravenous pyelography, PA = posteroanterior, US = ultrasonography
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Distribution of Correct Answers Given to Question Asking about Corresponding Number of One PA Chest X-Ray with Respect to Received Radiation Doses during Radiological Studies among Residents according to Number of Years Employed
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**Note.**- PA = posteroanterior, US = ultrasonography
